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ABSTRACT 



PROBLEM TO BE SOLVED: To reduce a lock time, to decrease jitter and to 
prevent the hardware scale from being increased. 

SOLUTION: The PLL circuit is provided with a phase comparator circuit 11 
that compares a phase of a reference signal R with a phase of a feedback 
signal D to provide comparison signals UPl, DNl, a phase comparator circuit 
lA that compares a phase of a multiplied reference signal RM with that of 
an intermediate feedback signal DM to provide n output of comparison 
signals UP2, DN2 , charge pump circuits 12, 2A that convert the signals UPl, 
DNl, and UP2/DN2 respectively into charge pump signals PCI, PC2 , a low pass 
filter LPF 3 that sums and integrates the signals PCI, PC2 to provide an 
output of a control signal CO, a voltage controlled oscillator VCO 4 that 
provides an output of an oscillation signal PO whose frequency is 
controlled by the signal CO, a frequency divider circuit 5A that 
frequency-divides he signal PO and provides an output of signals D, DM, and 
a multiplier circuit 6 that multiplies a signal R and provides an output of 
a multiplied reference signal RM. 
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F U-r >^Rf|fBmi <0 h^>i^X^co Klx-i- >lrSg!L 
hlCtutB^l (OftffittlrttJfi-^COfitS^^^^ttutB^ 
1 CO h^>>>^X:$^P 1 1 hn—^-i X(Dn=^\^^)V'^<D 

h\zmmw.2(DjEmmmm^(Dm^^^\^'f^-^x 

3(0 h^>i^^X:^7^, 

Fl/^ >^SulBll3cO F^>>?X^co Flx-f XcJ^^L 
h{cSiifB^2coft1H4i:b$$ft^(Omg^§^ti1JfB^ 
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i/-c;i^:s:^^^ttfcjei;fc^ 1 (Dum,m^\z^w^ ^w. 1 

cT^BS^K^^^i:, tiJtB^2(^it^ft^^^(7:)l/^;i.:S: 
tc i; 2 C7) HrjfEfl^ tc ^ ^ 2 O It riS'^ 
^^Kch. tutS^l5:r/m2(Oitrjftfi^^Sn@:S:mS5^^ 

t5HB^ 1 ms'm 2 (D^m\t^^ti^n^mvxmmw> 1 

[0 0 2 2 ] 

[^B>^(7)iiffic7:)j^^j 'A\z. i^mm(D'^m<Dmm^mi 

>yfi^PCl, PC2^¥mitLT^t^$iJi»^-^CO 
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fi^ c o 0 ^ »7:^^*stj^ ^ n^sm-^ p o ^ tB T 
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;o^'-*i^{iffij:t:$5iH]?§ (PFD) lAch, tmmmjP2 

x^DN 2 c7)f±fcs^{ci;S^bT^i^->^'4^>:/{i^P c 2 ^ 

tfci:^-r'55^-^-s-'7}^>y[Hiffg (CP) 2At. mmm^ 
'^i^mmm^x:)^'^\iLmmi^mmvitm^mztm't' 

^It^ff^UP 1 /DN 1 ^ItitiL^y ]^9->'^mm 
lt$$lHlS§l J:DC:i.M4tgi:l:^tHlg§ (PFD) 1 1 
t^m-^UP IXDN 1 (Dmmz}t^^i.x^^-i^:^^>y 
m-^PC 1 ^tfi:^;-r^^^-i^#>yiHlg§ (CP) 12 

mismmm^RULmLi^m^<D^mm^x$>^^mm 
mm^Du^iiiitj-t^^mm^ cdiv) sa^, mm 

[0 0 2 3] feffiltgelHiSS 1 A, I 1 ^ix^vx^mit 
A;^conandihJS§a 1 ^Kizxij<D—::f3^m:^<D 

mm\Bimmt) hrz'r^m^i-mmLx^(DmyjizN AND 

\m^A 1 (DltitlRZSm^yVCD^^ ^Xtl-^^ 2Xt}(DN 
AND[plgSA2, A3i:. -;^(OA:t^ tC'jf jgft-^DOflfi 
:S^c7)A;^tCft-^DDc^^^(7)fitj^^^^^t^ 2 A;^cONA 

NDiPig§A6i:. m^izAtio:>-y5^m:^(Dmm{B}^ih 
t) ^fz-f ^mni^mi^ xtt(Dmyj\zN AN D\Bi^ A e (o 

lhtl^Um^'^(D^^ ^Xtl-r^ 2 XtKDN ANDlBim 
A 5, A4ch. NANDlHlgSA 1 CDm::^/^i@M-r^il5i 
lHlS§Dlch. N AND[Hl£SA 6 c7)ai;^^ilMt'^iiMlHl 
£§D2(h. iij^lHlSSD 1 COHb;t/<hNAND(Hl?§A 2 COtB 
;^ ch fi w i ^ A b m ^ U ^ m r ^ 3 A o N A 
NDlpIS§A7ch. mm\mmB2(Dlhij^NAND\m^A 

s (Dthtf ^m^y\f t^xti ^Lm^DD^ihtj-r^ 3 X 

;^(7:>NAND[Hlg§A 8 i:. NANDlnlgSAl, A2, A 

5, A6a:)ihij^xtf^Lm^w^ihtf-r^4xt}(DN 

ANDlHlSSA 9 ch. m^V^2mK^LXm^VF^lti 

ij-t ^mmmmL rz-( >/^-^ 1 i, i 2ch. {i-^dd 
^mn\^xmnDN^tti:h'r^-( yn-^ i 3 ar^ffix. 

[0 0 2 4] iiffiittjiHiss 1 1 (Dmrnz-oi^xmrn-t^ 

NANDlHlSSA l-A3tiS2p«-^RC7)2:-^T^^^D 
X ^y S^Tir ^y h $ ti^i-^WcOiL ^. T;0^^ D x -Jx U ^y 
h^n^:7U 'y:7'';7n vy^^J5£L. NAND[HlgSA4 

—A 6 \^mmmm:^<DtL%yt^ ^j^y v^T-t yh^ nm 

^\N(DxL-^yf)^r^JLyzyX^)^y h^ti^y ^) y~fya 
(NANDIhISSA 2, Ab<D\hti) t^N A N D[alg§ A 9 

\zm^^n^. NANDiHissA9ticn^. -rut)-^. 
mm^B^ R-ELxswrnm^ d ^ cost t;o^^ d x «y z^t^ 
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1, A ecDV^-rn^^/O^^L U^JltU-Dfct^HU^JKD 

[0 0 2 5 ] c<D^oizvT. mmm^RRi^mmit-^ 

[0 0 2 6] ^■\'-i^#>:7^[Hlg§l 2, 2A(D%^(J:)m 
^0iJ^tHjg§glT^-r ^3 (A) , (B) ^#0S-r>5ch. 

(A) "c^f 5^^->?4-°>:7''[Higs 1 2 ti, v-x^ 
mmvY:>\zmm,\.f-'h\z]:mmmj'p ico«$g^sct 

x^pi y\zv-7.^m^\z^ti^rimm\. 
1 ^W\—^^X'^Ut)%±m:s.z2y^'^^y7s^m(DN 

^^:^^)Vma)h^yzy7s^n\ 1 L^mX. ^Zfl^Vy 
>>^X^P11, N 1 1 c7)KU-r>^3l*g^.'S;^^b^^ 
-i^4^>yft-^P C 1 ^t±i:;^-r^o 

[0 0 2 7] B13 (B) T^t-5^-V-i^#>y^[HlS§2 A 
ti. y-X^HMYDtCg^b^" hfCit^ft-^UP 2 

;^^Vh$l^P^-V^.;^^CO h^>>?X^P 2 1 i:. F l/^T 

>^h^>i^x^P2 \(D\^v^ y\zv—7.^mmz^ 
n^nmm. u h \z it^m^ d n 2 ct) fit$g ^ § h ^ 

>XgmcON^-V^-;i/^CD h^>i^X^N 2 1 <h^ffi 
A. S^>>>;^^P 2 1 , N 2 1 (7) F b-i' >^ffi 

i^^^f)^^'^^—-J^-y':fm^Y>c 2 ^ai:^t"^. 

[0 0 2 8] L PF 3C7)1#J5g^J^lHlg§IS-C^T^4^# 
m-t^t. :iC7)^T;^t'L P F StS. — >>^/}^ 

>y{i-^PC 1/PC 2cD{^^^§tt^tgtrLR 1 - 

[0 0 2 9] ^-\'->^4^>:/lp]g§l 2S:I/LPF3coKj 

\t. zLom^vF KDT^^^'/mm^zh'yyz^x^p 
1 i^mmv^mti^. jE<D^^-zy^^yym^p c^^ 

^b, L P F 3c7)a>5F^>^tC 1 ^^^-i^y^^/y 
tl.. MCD^^-zy^^yy'm^PC^^fS^i^. LPF3 

c7)=]>x>itc 1 *5^-\^->^^^':>> mm) -r^o LP 



F 3ti±tB^ifj{m&SfiiR 1 t:ziy^y^c i 
^P$^^TlT3r<htCcfcO-\^">^'#>:/ft'^PC 1 

[0 0 3 0] :i(D^^-iy:^>yy{B]^l 2lt. F^>>? 
X^Pll, N 1 1 CDit-i-Xf /^C^-^ gm^pg-r^:i 

chtCcfcohbgeM^up 1/DN 1 <DmiL/^ji7.^mrcD 

[0 0 3 1 ] $Wm^CO<7)«/±ICj; Dffi 

:^^«^s^pocD%si^^^^^^t:-r-^o :^mmo:>mm 
-vit. Mm(Dm:^±. mmmnco(Dmj±±wizi^rz^^ 
^^^mmnpo<D^mm^m'^^mmT^ho:)^~r^o 
[0 0 3 2] :^iz. mi. m2, ms. m4Rzfmmm 

Atfmmm^RizMvx. amm^im^i i:smitgit 
1 A(D^A(Dm^'7'y \^'/-y)^±izmnx^^^ 

ms (A) ) , {ufflitK[HlS§l l^lA;^S^pm^ 

-CCOiin^^aiLTlrt^m-^UP 1 (E.^J €:tB;^T 
'5o inllttC^ifflJt^lHlgSl At^3ifSS2pm^RMCDiL-^ 

'^T^^op>!^.^x(Dmn^m[tivxitmmmjp 2 cf 

[0 0 3 3] ^C7):^'gr. {ifflirkgJlHlggl 1, lAt^ltK 

m-^UPl, UP 2 ^^tcm:;^b, ^n^^mt^^-T'^^ 

^-s>~7p>yiHig§i 2, 2 Atcfit^^-r^cDT. ^ne^ 

■\'->^#>y[pIgSl 2, 2 AtT^^^COm^^/^'-V— >>^aH> 
Xffi-^PCl, PC 2tlLPF 3-r:!}D»$n. ^t.^tCZl 

[0 0 3 4] itmmi}^^\^^ <mmmm)f}^Atim 
mm^Rizm.xiyLm]t^m^ 1 i c/^is^^^^y fv'-> 

JiKTX$>D. iiLmi:m\BimiA(Dm^y'y\^V-yiy.± 

(DmrKDm^^ ms (b) ) . Rmiti^immi iumi¥ 
i^-Tv immmjp i\tHu^jv^i^mi^x\^^^o iiim 

[0 0 3 5] Z,<Dm^. i^Lmi:m\B}^l AlzMmT^"^ 

^—-y:i"^y:fm^ 2 (D^(D^^—-y^y z^m^p c 2 fc 
cfco, LPF 3<7)a>5='>+hc 1 ^^m-r^;^c56. $fjiai 

M:0^VJN$ < 'jSMffi^D>O^^A;^jS*ji-^R tc?^ LTfiffllrL 
^iHjgSl i:^Wiffltt*j^lHlgSl Ac7)$^(D^^^^:/ FV 

^-fZLti^a^aitii^tmm^VPi. UP 2tSHU^;i/:yc 

[0 0 3 6 ] ^;^c. ±m<Dmmmm:):^^xtimmm^\z 




2000-1 3222 



1 ijSiifiimmiBimi A<D^^\^. irh^^m-^upi, 

UP 2 (Cf^^Dirh^Sm-^DN 1 , DN 2^a!itlL. ^tl 

DNl, DN2(Dm^iZ}t-^LTn<D9-^ — zyyf->~fm 
■^PCl, PC2^ti^tiV. LPF 3C0Z]>^>1^-C 1 

[0 0 3 7 ] i^±ai^y'cj:-9{c> -^nm(DmmT\:^. m 
mmntmmm^(Dmmf)^:k^^^m^izit. 

CO 5" ^ - ^:^7j^ > y ff ^ JJD^ b T a ^ P# PpI ^ M*S-r 

[0 0 3 8] iifgS*fi^RMc03i{^m^2 i:b;^c:^^ 
<^*IISSa)ff^^(0^^»{^ ^ f^E* ^ ltl$ L T ^ A 5^ 
- hT^-r^6 ^#Bs-r^i. EI 6 (A) tc^T*!!:^ 

coff^^.co{4ffiit^[Higs 1 A<J:>mm^\^ p 2 t^iifss^ 
fi^RM^, -^f^t^%w^m^R(D^^nmmz^ti\.. 

3i::/htiti<h;^ci:^o 0 6 (b) ^c^■r^^*co>fitg 
itejiHigs 1 ^%w■^m^'^(.mz^mm^\}v^^-h^^(D 
T\ ^^^S-r^5^^-i^7}^>:/<i^p cco^^iJfjiliBti^^ 

[0 0 3 9] ^;^c, 

vY^j'-y<Dms.^2m<DMmmm.^\ A, w^m 
muv\^\.(j:>wtmn\zt^\^^^mif^^f^^mm.\zmm 

[0 0 4 0] 'Jk\Z. if-W^n<D% 2 (D'^mCDMm'^m 1 

\zyuv ^^^^-tmi ^^m^^t.. z.(Dm\z^-^if^ 

^(Dm^m^^^. Ltc^^-DT. mi^i^m 6 (Di-tt) 0 \z 
Mism^eA^. ^m\B\^b A0)i^tyD{z4^m(D^m 

[0 0 4 1 ] mi§M^6A\t. mmme 1 chS^ft^R 

mmmmw vmmmmm^Ru^mti-r^ e x o Rssg 

E 6 1 <h^{iA^o 

[0 0 4 2] ^mm^sBU. ^mm^po^zmmi^T 
mi¥ i^^mm^po ^ 2 u 2 'T^mm^D 2 ^ti^tj-t 
^yVy:fyuyyF b 1 1. ^mm^POizmmLx 
W]i^L2^Amm^D2^^^{z2 Am Lxmrnm^u^ 



li\i:3'r^yVyZfy\:iyy'FS2t. 2Amim^V2^ 

[0 0 4 3] miRzs^^mm^^-t M.^^-h'xr^-r 

v^mmmn r tmmmmm^ Rut oymKmi^zfmmm 

[0 0 4 4] :k\z. -^mM<Dm3<Dmmo:>mm^wmn 
n^amit^m^ 1 b ^0 2 t^mcomfs^^mizit^m 
(omm^^x^^^i^Lxmrnizy^a ^ ^ x^rm 9 ^ 
mm-t^t. z:(Dm\z7r:-r:^mm(Dmmo:>iiLm\tm^m 

l^y'y \^'/->^fSim<D2'DC0mmiBl^D 1 , D2(DiX 

t)D\zNANDm^A9<Dthti^mMi.Tm^yv^ihi:] 

[0 0 4 5] mmz-z>\^'^x\^mi <Dmm(Dwmtmmx 

[0 0 4 6] :$:mm(Dm4<Dmm(Dwm^wmn 
^f^^^-z^'r^>zf\B\m2B^m3t^m<Dm^mmiz 
\-^^m<Dmmy:^xw^^^<^i.xmmzyu y^x^-r 
mio^^m-t^^. :i<Dmiz^'t^^m(DW^mco^^ 
->^Ai^>y[nj^2 B(Dm 1 (Dmm(Dmmco'^-^—i^:^> 
zf[mm2A, i2^<Dmm}^M. 2o<z)5^-\'->^7}^>y 

lHlSS2 A, 1 2(D^^(Dmmmf-X^^ hy>i>7.^P 
11, Nil, P21, N21 Izm^X. V — T.^mm 

\zmmv^^-hizmmmf±cc(DiM^^^^f^N^-^:^^ 

^h^>>^x^N2i, N 2 KDy-y^iz^ti^^nmrn 
i^y-hizmmmf£cccDm^^^n^N^^:^^)im<D 

h<h h^>s^x^N 3 i<D\^u-f yiz^n^enmrni^tc 
p^^^-)im<Dh^>z^7.^p 3 1 y-y.^mMiz 

Kl/-r>^h^>f/7v:^P 1 1, P 2 1 (D^^(D'J—y. 

h ^ h ^ >i^y^ ^ p 3 1 <D^^- h iz^n^nmm 

VfcP^^r^-)im(Dh^>i^7.^P 3 2 t'^mz.. Zitl 
^>^>>>^X5^P 3 1 , P32, N31, N32;^^^h^ 
>S?X^P11, Nil, P2 1, N 2 llzm'^M^iM^ 

't^mmmmmm^mf$.'r^::itx$>^. 
[0 0 4 7] zLtiiz^D. m-mmmn/tji:^mmrzK> 

^P31, P32, N31, N 3 2 ^^Jgii-rtc, 5"-^ 

— iy-^-yyim^i 2, 2 actd&^od h^yt^T^i^p 1 

1, N 1 lSr/h^>S^X:5f P 2 1 , N21(7)gm^^ 



(8) 



2000-1 3222 



[0 0 4 8 ] 

m^xy)^W1^<Dm^mmm^^^'Dz.tL\z^-,x. 

[0 0 4 9] ^fz. m'm:<D2'D<D\im\kMMl^X\%^v 

\m 1 ] *^Bjco p L L iHigscom 1 comm<Dmm^^'r 
y^ay^mx&^o 

[^4] mKDLPFcom^^^-ry^xjy^mx^^. 

[^7] *^0^(Z)P L LESSOR 2 (7)^;^OJf^li^^-r 



[El 8] :*:^;^c7)?F^^c7:)PLLlHlSglC:JBtj-§lj[;fNc7)™-^J 

[0 9] *:^0Jc7:)PLL[El£^CO||3c^||iffi(7)ff^^^t#m 
#tt>5{4ffil:t^{Hlgg<^tJI^^:^f :/D i7 mX$>^o 

[^10] :^?^m<DPLi.m^(Dm4(Dmm.<Dmm^^ 

mM^i'^'^^^-zyyf^>y'\B]^0)mf$.^^^fuy^mx 

mil] 'i^^(Dmi(DPi.i.mm(D—m^^'tyuy 
^mx^^. 

[012] 'itt^(Dm I (DP L.'LMmz^\-^^m^(D—m 
[013] t¥*c7)^2c7:)PLL[Hi^co-«?il^^-ryn^y 

1, lA, IB, 11 {4ffllt$§lH]S§ (PFD) 

2, 2A, 2B, 12 — >^4^>yiHlS§ (CP) 

3 {S^ili^y^^ (LPF) 

4 «/±$ija^tiii (VCO) 

5, 5 A, 5 B %mM^ (D I V) 

6, 6 A mmm"^ 
6 1 mmm 

101, 102 ;iss(itfe^^ 
1 0 3, 1 0 4 m^i^Wim^ihrn 
1 0 5 mm':^m^ 

I 0 6 W^aWlHlgS 
Al— A9 NANDlHlgS 
CI n>-x>it 
D1-D3 mMM^ 

E 6 1 EXOR[Hlg§ 

F 5 1 , F 5 2 y')yyyuy:f 

II — 13, 151 -r >;t— ^ 

P11, P21, P31, Nil, N21, N31 

R 1 ffitrC 



PC > 



[04] 




CO 



[^11] 


2 




3 


C P 


PC 


LPF 





D 1 V 



(9) 2000-1 3222 



[01 



R >- 



6 



11 12 
U P 1 



DN 1 



C P 



1 A 




2 A 






s 




U P 2 




P FD 




C P 




D N 2 











5 A 




DN 1 > |r Nil 



(B) 



U P 2 > <\f P2 1 



DN2 > IL N2 1 



PCI 



PC 2 




[0 6] 



[010] 



(A) 




(B) 




Y VE 

P31 



U P 1 >- 
UP2 >- 



DN 1 >- 
DN2 >- 



CO >- 



Y VD 

<^r p 3 2 



L-|rN3 1 L|r^ 



Pp 1 1 



~\ I — |r N 1 1 



(10) 



2000-1 322 



[0 5] 



[012] 



(A) 



R _r 



(A) 



- — t i 


1 






RM 1 


1 1 


c 1 1 






DM 1 |i 1 




D 1 








U P 1 j El 





U P 2 J 


1 


F 





CO 



(B) 



R _r~ 
D r 



DM 
U P 1 
U P 2 

CO 



(B) 



R 
D 
UP 
PC 

R 
D 
UP 

PC 



— m— ^ 

1 
1 

1 


H 1 1 
1 

L_j 1 1 


1 

L_ 


1 

M 

1 




1 

V 

1 





1 I— 



If 



[0 7] 



11 12 
UP 1 



PFD 



DNl 



CP 



PCI 



LPF 



CO 



4 

vco 



PO 



6 A 



DR 



RM 



1 A 2 A 

UP2 



PFD 



DN 2 



CP 



PC2 



5 B 



F 5 2~ 




*5§g 2000-1 3222 



(A) 
R 

D 

DR 

RM 

DM 

U P 1 

UP2 

CO 





A 


1 I 1 1 


t ' 

B 1 
j 


— n 


Ij^ — h 


1 h 

1 H 1 




j! 1 
-I , 1 

— ! 1 1 




|_J 

1 


^1 


1 r 



I 



(B) 
R 

D 
DR 
RM 
DM 
U P 1 
UP2 
CO 



"1— T 



IL 

-Hiir 

f 



lir 

"IT 



TL 



[0 9] 



11 1 ^ 

{>o-[>o— .^UP 





2000-13222 



[Ell 3] 



LPF \ - 



R 



RD 



(vco — I ^ 



mm\Y 103 



1 0 1 



FQ 



1 0 2 



"^5 

1 O 4 



DQ 



1 0 6 



± 



iCH ^J^Wi^Iel?^ 



F^-A(##) 5J06O 



AA04 BB03 CCOl CC24 CC26 
CC30 CC52 CC54 CC58 DD13 
DD32 DD43 DD47 FF06 KK03 
KK25 LL02 



